









Nitrogen content in rice was determined by the Dumas combustion method in cooperation with 22 laboratories. Pro-
ficiency test by the Kjeldahl methods using same sample was performed with 12 laboratories.
HorRat values and RSDR of 7 samples for the Dumas Combustion method were 0.51 to 0.70, 1.97 to 2.81 % and
0.48 to 0.77 %, respectively, showed that the measuring results of this collaborative trial were satisfying, and this method
have a good performance and reproducibility to determine total nitrogen in rice.
The value of z−score obtained from the result of proficiency test to determine nitrogen content in rice by the
Kjeldahl method performed with various measuring condition, were −0.72 to 0.95, and half of them were −0.2 to 0.2,
showed that the Kjeldahl method have a good performance and robustness to determine total nitrogen in rice.
Keywords: nitrogen content（窒素含量）, the Dumas combustion method［燃焼（改良デュマ）法］,
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試 験 室２０が Vario Macron（同），試 験 室２１が rapid N





















Table 1. Homogeneity of rice sample analyzed for total nitrogen measured
by combustion method according to the Dumas principle
Table 2. Mean and its relative standard deviation (RSD) of each 7 samples reported by 22 laboratories participated in collaborative
study for determination of nitrogen in brown and milled rice by the combustion according to the Dumas principle
Material 1a Material 2a Material 3a Material 4a Material 5a Material 6a Material 7a
Number of accepted duplicate results ４０ ３８ ４０ ４０ ４０ ４０ ４０
[19 or 20 distribution units (m)] （２×２０） （２×１９） （２×２０） （２×２０） （２×２０） （２×２０） （２×２０）
Mean (X, %) ０．９２７６ １．０５２ ０．９３３５ １．１７８ １．２５４ １．３０６ １．０９７
RSD(%) ０．８８１ １．２６ １．４６ １．１６ ０．９７９ １．３６ １．５８
Target standard deviation ０．０３７５ ０．０４１８ ０．０３７７ ０．０４６０ ０．０４８５ ０．５０２ ０．０４３２
[Sp, 0.02 ×(X/100)0.8495 × 100, %]
Analytical variance (S2an) ２．４９×１０−6 ９．１０×１０－６ ６．５６×１０－６ １．４７×１０－５ ８．１１×１０－６ １．１１×１０－５ １．００×１０－５
Sampling variance (S2sam) ４．１０×１０−5 ８．６２×１０－５ ０．０００１１８ ２．９１×１０－５ ６．５４×１０－５ ０．０００２００ ０．０００１９８
S2all = (0.3×Sp)2 ０．０００１２７ ０．０００１５７ ０．０００１２８ ０．０００１９１ ０．０００２１１ ０．０００２２８ ０．０００１６８
C =F1S2all + F2S2an ０．０００２０４ ０．０００２５６ ０．０００２０８ ０．０００３１４ ０．０００３４１ ０．０００３６９ ０．０００２７５
S2sam < C Accept Accept Accept Accept Accept Accept Accept








１ ２ ３ ４ ５ ６ ７
Resulta) RSDb) Result RSD Result RSD Result RSD Result RSD Result RSD Result RSD
１ ０．９１１４ ０．４３ １．００８ ０．５６ ０．９２２０ ０．３９ １．１２８ ０．３１ １．２５７ ０．４０ １．３０６ ０．５１ １．０８２ ０．７１ ３００ １３５０
２ ０．９３４９ ０．８５ １．０３０ ０．８５ ０．９４５１ ０．８１ １．１４６ ０．５５ １．２６７ ０．３４ １．３１７ １．０１ １．１０８ ２．０５ ２００ １３００
３ ０．９５３５ ０．６９ １．０５１ ０．４２ ０．９６５５ ０．５１ １．１７０ ０．６３ １．２９４ ０．６０ １．３４４ ０．７０ １．１２５ ０．７７ ５００ １２５０
４ ０．９２２７d) １．６１ １．０１４ １．２７ ０．９２２３ １．５０ １．１３６ ０．５８ １．２６１ １．３４ １．３０５ １．０３ １．０８４ １．２８ ８００－１０００ １２００
５ ０．９５１３ ０．２１ １．０４８ ０．３３ ０．９６１６ ０．３０ １．１６５ ０．３２ １．２８６ ０．３３ １．３３５ ０．２９ １．１１９ ０．２２ ５００ １３５０
６ ０．９４３０ ０．６６ １．０４１ ０．４３ ０．９５３１ ０．４２ １．１５９ ０．２３ １．２８６ ０．２３ １．３３６ ０．３１ １．１１９ ０．２９ ７５０ １３５０
７ ０．９３３３ １．４５ １．０２４ ０．９３ ０．９３８１ ０．７１ １．１４６ ０．５９ １．２６７ ０．４０ １．３１６ ０．２４ １．０９８ １．０３ ５００－６００ １０５０
８ ０．９２１２ ０．７２ １．０１３ １．０５ ０．９２２６ ０．４８ １．１３３ ０．８８ １．２４８ ０．３９ １．３０３ ０．２８ １．０８６ ０．４８ ２００ １３５０
９ ０．９１４９ ０．５６ １．００９ ０．８７ ０．９２３６ ０．５６ １．１１７ ０．９１ １．２３７ ０．７１ １．２９５ ０．３９ １．０６７ ０．８３ ２５０ ９５０
１０ ０．９９５９ １．０６ １．０９１ ０．４３ １．００８ ０．３４ １．２０４ ０．４７ １．３２８ ０．２９ １．３７３ ０．４１ １．１６２ ０．２５ ３００ ９５０
１１ ０．９７４５ １．４２ １．０７３ １．３９ ０．９８１９ ２．０５ １．１８７ １．７０ １．３０８ １．０８ １．３５９ ０．９０ １．１３１ １．０６ １５０－２５０ ９５０
１２ ０．９６４２ ０．８４ １．０６５ ０．２６ ０．９７２２ ０．２６ １．１６９ ０．４９ １．２９９ ０．４５ １．３４１ ０．６４ １．１２６ ０．５８ ３００ ９５０
１３ ０．９６０８ ３．６７ １．０４５ ２．６９ ０．９６４７ ２．１９ １．１８１ ６．４２ １．２６８ １．７３ １．３３８ ２．６６ １．０９４ ２．６１ ２００ ９５０
１４ ０．９６４２ ０．４８ １．０５８ ０．７２ ０．９６７６ ０．７０ １．１６３ ０．５７ １．２８４ ０．３９ １．３３０ ０．５６ １．１１５ ０．３５ ３００ ９５０
１５ ０．９４７１ ０．２７ １．０４１ ０．３３ ０．９５５８ ０．３５ １．１６４ ０．３５ １．２８２ ０．２３ １．３３３ ０．２９ １．１１７ ０．２９ ５００ ９００
１６ ０．９５００ ０．５１ １．０３９ ０．１８ ０．９５６８ ０．３２ １．１５９ ０．３７ １．２７８ ０．３４ １．３３３ ０．３３ １．１１８ ０．３７ ５００ ８７０
１７ ０．９３９３ ０．２３ １．０３１ ０．２７ ０．９４９０ ０．３０ １．１５１ ０．２５ １．２７８ ０．２５ １．３２６ ０．６７ １．１１０ ０．３７ ５００ ８７０
１８ ０．９５０４ ０．５７ １．０４５ １．０７ ０．９６５９ ０．５４ １．１７４ ０．８７ １．２７９ １．６４ １．３４３ ０．８２ １．１２５ ０．７９ １００ ８３０
１９ １．００４ １．１２ １．０８９ ０．５５ １．００８ ０．４４ １．２１３ ０．８０ １．３３４ ０．４５ １．３８９ ０．６５ １．１７２ ０．４７ ８００ Nde)
２０ ０．９８７０ １．０４ １．０８０ ０．６３ １．００６ ０．４６ １．２０４ ２．３６ １．３２５ ０．４１ １．３７８ ０．６４ １．１５７ ０．７０ １５０ Nd
２１ ０．９７４０ １．２４ １．０６３ １．３７ ０．９８０３ １．３１ １．１８０ １．１７ １．３０９ ０．９０ １．３５６ ０．６４ １．１３８ ０．７３ ５００ Nd
２２ ０．９４９７ １．０８ １．０３４ １．１７ ０．９６６８ ０．７６ １．１５３ ０．８２ １．２８１ ０．７７ １．３３４ ０．８５ １．１２６ ０．９３ ５００ ８５０
Mean ０．９５２１ １．０４５ ０．９６０７ １．１６４ １．２８４ １．３３６ １．１２１
a; Material 1, 2, 3, 6; Variety ‘Koshihikari’ , material 4, 7; Variety ‘Haenuki’ , material 5; Indica varieties produced in Thailand





















































Table 3. Collaborative study parameters of the combustion according to the Dumas principle
Sample No. １ ２ ３ ４ ５ ６ ７
Number of laboratories retained after eliminating outliers １８ １８ １８ １８ １８ ２１ １８
Number of accepted results １６２ １６２ １６２ １６２ １６２ １８９ １６２
Mean and precision parameters for accepted results
Mean (X, %) ０．９５３１ １．０４４ ０．９６０４ １．１５８ １．２８６ １．３３６ １．１２０
Standard deviation of repeatability (Sr) ０．００７ ０．００７ ０．００５ ０．００７ ０．００６ ０．００８ ０．００７
Relative standard deviation of repeatability (RSDr, Sr/X, %) ０．７７ ０．６８ ０．５１ ０．６０ ０．４８ ０．６３ ０．６１
Standard deviation of reproducibility (SR) ０．０２６ ０．０２６ ０．０２７ ０．０２５ ０．０２７ ０．０２６ ０．０２８
Relative standard deviation of reproducibility (RSDR, SR/X, %) ２．７８ ２．４８ ２．８１ ２．１５ ２．１１ １．９７ ２．４６
Predicted relative standard deviation (PRSDR, 0.02X－０．１５０５, %) ４．０３ ３．９７ ４．０２ ３．９１ ３．８５ ３．８３ ３．９３
HorRat (RSDR/PRSDR) ０．６９ ０．６２ ０．７０ ０．５５ ０．５５ ０．５１ ０．６３
Mean and precision parameters for all valid results
Mean ０．９５２１ １．０４５ ０．９６０７ １．１６４ １．２８４ １．３３６ １．１２１
Sr ０．０１１ ０．０１０ ０．００９ ０．０１９ ０．０１０ ０．０１１ ０．００７
RSDr １．１９ ０．９８ ０．９０ １．６４ ０．７６ ０．８４ ０．５８
SR ０．０２７ ０．０２６ ０．０２７ ０．０３１ ０．０２７ ０．０２７ ０．０２８
RSDR ２．８４ ２．５３ ２．８５ ２．６５ ２．０９ １．９９ ２．４８
PRSDR ４．０３ ３．９７ ４．０２ ３．９１ ３．８５ ３．８３ ３．９３






































































Table 4. Nested random effects analysis of variance for values of sample No.1 to 7
determinated by the combustion according to the Dumas principle
Sample No. １ ２ ３ ４ ５ ６ ７
Calculated with accepted results
Inter-laboratory error (LAB, %) ９１．４ ９１．１ ９６．２ ９１．２ ９４．６ ８８．９ ９３．４
Intra-laboratory error (DAY, %) ３．６ ５．５ ２．２ ４．６ １．４ ３．８ １．８
Errors except inter- and Intra-laboratory error (ERROR, %) ５．０ ３．４ １．６ ４．２ ４．０ ７．３ ４．８
Calculated with all valid results
LAB ８１．４ ８３．４ ８９．６ － ８６．３ ８１．７ ８４．４
DAY ４．０ ６．７ ２．２ － ２．４ ２．７ ３．８


















Table 5. The measuring conditions of Kjeldahl method
Table 6. Results of each 7 samples reported by 12 laboratories participated in collaborative study






























































































































































１ ２ ３ ４ ５ ６ ７
Resulta) z−sb) Resulta) z−sb) Resulta) z−sb) Resulta) z−sb) Resulta) z−sb) Resulta) z−sb) Resulta) z−sb)
１ ０．９６２８ ０．５０ １．０８１ ０．９５ ０．９５８７ ０．１８ １．１６７ ０．３５ １．２７７ ０．０５ １．３０７ －０．３４ １．１０２ －０．２０ １．０
４ ０．９２２６ －０．５５ １．０１７ －０．５９ ０．９２８０ －０．６２ １．１４２ －０．２０ １．２５７ －０．３７ １．２８７ －０．７２ １．０９２ －０．４３ １．０
５ ０．９４１０ －０．０７ １．０４６ ０．１０ ０．９６７０ ０．３９ １．１５９ ０．１６ １．２９１ ０．３３ １．３４２ ０．３６ １．１３３ ０．５１ ２．０
６ ０．９５１６ ０．２１ １．０４６ ０．１０ ０．９６０４ ０．２２ １．１５９ ０．１７ １．２８６ ０．２３ １．３３６ ０．２４ １．１１９ ０．１９ １．０
７ ０．９３９３ －０．１１ １．０２４ －０．４４ ０．９５４０ ０．０５ １．１２７ －０．５４ １．２６８ －０．１３ １．３３７ ０．２６ １．１１４ ０．０８ １．２－１．５
９ ０．９３５８ －０．２１ １．０３６ －０．１５ ０．９４１２ －０．２８ １．１４８ －０．０７ １．２６７ －０．１５ １．３２２ －０．０３ １．０９９ －０．２６ ０．３－０．５
１１ ０．９３２７ －０．２９ １．０３４ －０．２０ ０．９３３９ －０．４７ １．１４７ －０．１０ １．２５７ －０．３６ １．３１１ －０．２５ １．１００ －０．２３ １．０－２．０
１２ ０．９４３８ ０．００３ １．０４８ ０．１５ ０．９５２７ ０．０２ １．１４９ －０．０６ １．２８５ ０．２０ １．３３１ ０．１４ １．１１６ ０．１２ １．０
１３ ０．９５７５ ０．３６ １．０５４ ０．２９ ０．９７２５ ０．５４ １．１６６ ０．３１ １．２８８ ０．２７ １．３３２ ０．１６ １．１２３ ０．２７ １．０
１６ ０．９４７５ ０．１０ １．０４８ ０．１５ ０．９５４５ ０．０７ １．１５５ ０．０６ １．２７５ ０．００１ １．３２７ ０．０６ １．１１１ ０．０１ １．０
１７ ０．９４１５ －０．０６ １．０２５ －０．４１ ０．９４２０ －０．２６ １．１４０ －０．２７ １．２６３ －０．２５ １．３１３ －０．２２ １．１０２ －０．２１ １．０－１．２５
１８ ０．９４７８ ０．１１ １．０４４ ０．０５ ０．９５８３ ０．１７ １．１６１ ０．２０ １．２８４ ０．１９ １．３４１ ０．３３ １．１１７ ０．１５ １．０
Sp －０．３３７ ０．０４１ ０．０３８ ０．０４５ ０．０４９ ０．０５１ ０．０４４
Mean ０．９４３７ １．０４２ ０．９５２８ １．１５２ １．２７６ １．３２４ １．１１１
a) FOSS Japan, b) Nakayama-rika, c) ACTAC L.T.D.
A; Digestion continue until the solution change to clear and its color turn to blue or slightly blue green.
B; Grade for volumetric analysis.
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